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A METHOD FOR REDUCING OVERPRODUCTION OF 
NEUROPEPTIDE Y IN AN INDIVIDUAL 



5 FIELD OF THE INVENTION 



This invention concerns a method for reducing overproduction of 
neuropeptide Y (NPY) in an individual. 
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BACKGROUND OF THE INVENTION 



The publications and other materials used herein to illuminate the background 
of the invention, and in particular, cases to provide additional details 
1 5 respecting the practice, are incorporated by reference. 

Neuropeptide Y (NPY) is the most abundant neuropeptide and an important 
neurotransmitter in the human central and peripheral nervous systems. 
Trough five cloned widely expressed receptors (Y1-Y5) it regulates e.g. food 

20 intake, vasoconstriction, hormone release, kidney function, lipolysis and even 
angiogenesis 19 . Exogenously given NPY is a potent vasoconstrictor and 
modifies the vasoconstriction achieved by norepinephrine (NE) l0 ~ 12 . NPY is 
co-stored and co-released with NE in all sympathetic nerve terminals 
innervating different organs 13 ~ 16 . In plasma, NPY concentration is considered 

25 to reflect the level of sympathetic activation in rest and during exercise 17 " 20 . 

A recent study found a Leucine 7 to Proline 7 (Leu7Pro) polymorphism in the 
signal peptide of NPY and indicated significant association of this 
polymorphism to high serum total and low-density (LDL) cholesterol levels, 
30 especially in obese subjects 21 ). The carrier frequency for this polymorphism 
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is 6 to 13% in studied European populations 21 . The same polymorphism is 
also associated with higher serum triglyseride levels in preschool-aged 
children 22 and with accelerated atherosclerosis in middle-aged men and type 
II diabetic patients as well as with early development of diabetic retinopathy 
5 in these patients 23 . Baby boys born with this polymorphism are heavier at 
birth 22 , but later in life the polymorphism does not associate with body mass 
index (BMI) or absolute food intake or food preferences 21 . 

The mechanisms of how the mutated preproNPY mediates the important 
10 blood lipid and vascular changes are not known, but may include altered 
secretion of NPY from cells to circulation or locally to tissues. The newly 
formed preproNPY is a 96-amino acid (aa) peptide, which has a 28-aa signal 
peptide in the N-terminal end and a 32-aa C-ponderal peptide (C-pon) in the 
other end. The signal peptide guides the peptide into endoplasmic reticulum 
15 (ER). In the ER, the signal peptide is cleaved off and the remaining proNPY 
undergoes further modification by several enzymes into mature 36-residue 
amidated NPY, which is stored in secretory vesicles 24 . It is proposed that the 
secondary and tertiary structure of the signal peptide may be altered 
dramatically by the Leu7Pro -switch as proline easily forms brakes and kinks 
20 in alpha-helical structures 25,26 . Therefore, the found polymorphism may 
modify the formation, storage or release kinetics of the mature NPY. 

To study the functional role of this polymorphism, sympathetic responses 
including NPY excretion were induced by strenuous physical exercise in 
25 Leu7Pro and Leu7Leu genotype groups of healthy subjects. To further 

evaluate the functional consequences of this polymorphism, endothelial cells, 
which are known to contain and secrete NPY 9 were used for 
immunocytochemical studies. Human umbilical vein endothelial cells 
(HUVEC) were isolated, genotyped and studied by confocal microscopy to 
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determine the patterns of NPY- and proNPY-ir in Leu7Pro compared to 
Leu7Leu cells. 



SUMMARY OF THE INVENTION 

5 

This invention concerns a method for reducing the overproduction of 
neuropeptide Y (NPY) in an individual, particularly in a human individual, 
said method being aimed to modulate an overactive NPY system in said 
individual. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 




Figures 1A and IB show the heart rate and blood pressure. Heart rate (Figure 
1 A) was significantly higher (p < 0.05) in subjects with Leu7Pro genotype 
15 (open triangles) than in subjects with Leu7Leu genotype (solid triangles). No 
differences were detected in systolic (upper curves) or diastolic blood 
pressure (lower curves) between the groups (Figure IB). The exercise-time 
was 30 min (hatched area). 

20 Figures 2 A, 2B and 2C show the plasma concentration of NPY, 

norepinephrine and epinephrine. Overall and the mean plasma NPY 
concentrations (Figure 2A) at 20 min (*) were significantly higher (p < 0.05) 
in subjects with Leu7Pro genotype (open triangles) than in subjects with 
Leu7Leu genotype ( solid triangles). Similar catecholamine concentrations 

25 (Figures 2B and 2C) in plasma were detected in the two study groups. The 
exercise-time was 30 min (hatched area). 



30 



Figures 3A, 3B and 3C show the serum FFA, plasma insulin and plasma 
lactate concentrations. Overall and the mean serum FFA concentrations 
(Figure 3A) at 40 min (*) were significantly lower (p < 0.05) in subjects with 
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Leu7Pro genotype (open triangles) than in subjects with Leu7Leu genotype 
(solid triangles). Different overall insulin concentrations (Figure 3B) were 
detected between the genotypes with significant differences (*) at Omin (p 
<0.05) and at 60 min. Lactate concentrations in plasma (Figure 3C) were 
5 similar in the two study groups. The exercise-time was 30 min (hatched area). 

Figures 4A and 4B show scanning confocal images of HUVECs with 
Leu7Leu genotype (Figure 4A) and Leu7Pro genotype (Figure 4B), double- 
immunostained with rabbit polyclonal anti-human C-pon antibody and goat 

10 polyclonal anti-human NPY antibody. The images are summations of 8 mid- 
sections of permeabilized cells. Prominent overlapping staining of NPY and 
C-pon (yellow) was seen in cells with Leu7Leu genotype (Figure 4A), 
indicating overwhelming presence of proNPY. NPY without C-pon (red) was 
abundant in vesicle-like structures in HUVECs with Leu7Pro genotype 

15 (Figure 4B), these cells had also some proNPY staining. 

DETAILED DESCRIPTION OF THE INVENTION 

The study presented below shows that a Leu7Pro polymorphism in the signal 
20 peptide part of the human preproNPY causes an overproduction of NPY in 
these individuals during exercise. Because the overproduction of NPY in turn 
can give rise to undesirable conditions and many diseases, we believe that it 
is essential to decrease the production of NPY to a normal level. 

25 The term "overproduction" shall in this document be understood to cover 

excessive expression, excessive release, or increased intracellular formation, 
distribution or storage. 

Although this study shows that the overproduction of NPY is related to 
30 Leu7Pro polymorphism in the signal peptide part of the human preproNPY, 
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we do not exclude that such overproduction also could be caused by other 
factors. We believe that it is essential to decrease overproduction of NPY 
irrespective of the mechanism behind it. 

5 The International Patent Publication WO 99/32518 shows the relationship 

between Leu7Pro polymorphism and increased total cholesterol and increased 
LDL-cholesterol in serum. Figures la to lc show the location of the Leu7Pro 
polymorphism in the NPY-gene. 

10 Thus, according to one preferred embodiment, the overproduction of NPY is 
counteracted by administering an antagonist to said individual. 

The antagonist can be one aimed to decrease the expression of the NPY gene. 

15 As examples can be mentioned Y1-, Y2- and Y5-receptor antagonists. As 
examples of Y 1 -receptor antagonists can be mentioned BIBO 3304 (Br J 
Pharmacol 125, 549-55, 1998); BIBP 3226 (Regul Pept25, 377-82, 1998); 
GR231118 (Eur J Pharmacol 349, 97-105, 1998); and 1,3-disubstituted 
benzazepines (Bioorg Med Chem 1703-14, 1999). As example of Y2-receptor 

20 antagonists can be mentioned BIIE0246 (Eur J Pharmacol 396, Rl-3, 2000; 
Br J Pharmacol 129, 1075-1088, 2000). As examples of Y5-receptor 
antagonists can be mentioned L- 152,804 (Biochem Biophys Res Commun 
272, 169-173, 2000) and CGP71683A (Can J Physiol Pharmacol 78, 1 16-25, 
2000). 

25 

According to a further alternative, the antagonist can be an NPY antibody. 
Such an antibody can be either bound to tissue or a soluble antibody in free 
form in serum. In the latter case, such an antibody can catch the NPY in 
serum and form a complex with the same. Thereby the binding of NPY to the 
30 NPY receptors is prevented. 
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In the alternatives mentioned above, the overproduction of NPY can be 
caused by a polymorphism comprising the substitution of the position 7 
leucine for proline in the signal peptide part of the human preproNPY or by 
5 any other reason. 

According to another embodiment, in case the overproduction of NPY is 
caused by a polymorphism comprising the substitution of the position 7 
leucine for proline in the signal peptide part of the human preproNPY, the 
10 individual is subjected to a method aimed to reduce or prevent expression of 
the mutated allele causing said polymorphism. 

Such a method can be a specific gene therapy aimed to repair the mutated 
allele, for example by use of an antisense oligonucleotide, a peptide nucleid 
15 acid (PNA), or ribozyme. 

The antisense therapy refers to methods designed to impair translation 
through direct interactions with target messenger RNA (mRNA). This can be 
accomplished by applying a targeted oligonucleotide, which forms Watson- 

20 Crick base pairs with the messenger RNA whose function is to be disrupted. 
The inhibition of gene expression by antisense oligonucleotide depends on 
the ability of an antisense oligonucleotide to bind a complementary mRNA 
sequence and prevent the translation of the mRNA. It is possible to correct a 
single mutant base in a gene by using an oligonucleotide based strategy 

25 (Giles et al., 1995; Schwab et al., 1994; Yoon et al., 1996). A short, 7 or 8 
bases, oligonucleotide is enough to posses an antisense activity and 
specificity, which depends greatly on the flanking sequences of the target 
RNA. Binding should be enough to promote stable binding and RNase H - 
mediated cleavage. 

30 
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We are counteracting the influence of the mutated NPY gene by using a 
short, allele specific oligonucleotide, which includes the sequence of mutated 
part: . . .cga ct/cg ggg. . .(mutated base marked on bold). This can be 
accomplished by using oligonucleotides of various lengths, but all 
5 recognizing the mutated base sequence. According to the predicted secondary 
structure of the preproNPY mRNAs (Scheme 1 and 2), the best target 
sequence is between -9 and +2 bases around the mutation i.e. sequence 
targeting to 3'-ac aag cga ctg g-5\ This sequence contains 'bulbs' which are 
known to enhance the binding of oligonucleotide to the target mRNA. 

10 

It is possible to use unmodified oligonucleotides, but to increase their 
stability, nuclease resistance, and penetration to the nucleus, several 
modifications of oligonucleotide can be used. A relatively large number of 
modified pyrimidines have been synthesized, mainly C-2, C-4, C-5, and C-6 

15 sites, and incorporated into nucleotides. Also purine analogs can be 

synthesized and incorporated into oligonucleotides. The 2 5 position of the 
sugar moiety, pentofuranose ring, is substituted with methoxy, propoxy, O- 
alkoxy or methoxyethoxy groups. A new backbone for oligonucleotides that 
replace the phosphate or the sugar-phosphate unit has been made, like C-5 

20 propynylpyrimidine-modified phosphothioate oligonucleotides. Also 
chimeric oligonucleotides with 5'- and 3 '-ends are modified with 
internucleotide linkages, like methylphosphorothioate, phosphodiester, or 
methylphosphonate can be used. A relatively new technique is 
conformationally restricted LNA (locked nucleic acid) oligonucleotides and 

25 peptide nucleic acids. Bioengineered ribozymes are structurally different, but 
their specificity also relay on the recognition of the targeted mRNA sequence. 

Gene replacement or gene switching techniques inactivate the mutated gene 
sequence and introduce a corrected one. This can be accomplished by 
30 transfecting exogenous gene with normal coding sequence and blocking 
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mutant coding sequence with antisense oligonucleotide. Also a technique 
with only introducing a corrected normal sequence without disrupting the 
mutated sequence could be use. This could be used in heterozygous cells i.e. 
cell carrying one normal allele and one mutated allele resulting in an 
5 overexpression of normal alleles. Also homozygous mutant cells could be 
treated resulting in a dominant positive -effect i.e. the normal allele is 
expressed in higher degree than the mutant allele. 

The ribozyme technology is described for example in the following 
10 publications: Ribozyme protocols: Turner, Philip C (editor). Humana Press, 
ISBN 0-89603-389-9, 512 pp. 1997; Rossi JJ. Ribozymes, genomics and 
therapeutics. Chem Biol 6, R33-7, 1999; and Ellington AD, Robertson MP, 
Bull J. Ribozymes in wonderland. Science 276, 546-7, 1997. 

15 The PNA technology is described in Ray A, Norden, B. Peptide nucleic acid 
(PNA): its medical and biotechnical applications and promise for the future. 
FASEB J 14, 1041-1066, 2000. 

The invention will be illuminated by the following non-restrictive 
20 Experimental Section. 

EXPERIMENTAL SECTION 

The rather common Leu7Pro polymorphism in the signal peptide of 
25 neuropeptide Y (NPY) has previously been shown to be associated with high 
blood lipid concentrations and also to accelerated atherosclerosis 
independently from blood lipid values. We studied the effects of the Leu7Pro 
genotype on NPY secretion and processing in humans and in isolated human 
endothelial cells expressing endogenously NPY. NPY secretion and other 
30 symphatetic responses were stimulated in nine subjects having the Leu7Pro 
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genotype and in nine matched Leu7Leu genotype controls by strenuous 
cycle-ergometer exercise. Subjects with the Leu7Pro genotype had 42 % 
higher maximal increases in the plasma NPY concentrations than subjects 
with the Leu7Leu genotype. They had also significantly higher heart rate and 
5 lower exercise-induced free fatty acid concentrations, which may be 

secondary changes to increased NPY levels. Furthermore, clearly more NPY- 
immunoreactivity was observed in human endothelial cells with the Leu7Pro 
genotype as verified by confocal microscopy. In conclusion, the present study 
provides the first direct evidence of functional consequences of the Leu7Pro 
10 polymorphism leading to more efficient production and release of NPY. 

Thus, overproduction of NPY may lead to atherosclerosis and unfavourable 
changes in plasma lipids. The present observations may provide new 
strategies for prevention and treatment of these diseases and other disorders 
caused by overproduction of NPY. 

15 

Methods 
Study subjects 

20 The joint Ethics Committee of Turku University and Turku University 

Central Hospital approved all parts of the study. Written informed consent 
was obtained from each subject for genotyping and for participation in 
maximal oxygen consumption (Vo 2nia x) determination and 80% Vo 2max 
bicycle exercise test (workload 80% of the determined Vo 2niax corresponding 

25 100% workload). Participation for the genotype screening was offered to non- 
selected subjects over 18 years of age with no diseases as ascertained by 
questioning. Nine subjects having the Leu7Pro genotype (Table 1) and nine 
pair-matched controls (matched for age, sex and BMI) with the Leu7Leu 
genotype (Table 1) were selected for Vo 2max determination and the 80% 

30 Vo 2ma x cycle-ergometer exercise test based on the former genotyping. To 
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exclude non-healthy subjects, detailed medical history (including diseases, 
medication, smoking, trauma, alcohol consumption) was taken and a physical 
examination (including ECG, auscultation, blood pressure measurement, 
thyroid palpation, screening for clinical signs of infection) conducted before 
5 the subjects entered the study. Also, laboratory measurements (blood 

hemoglobin, total cholesterol, LDL-cholesterol, glucose, free fatty acid and 
alanine amino transferase concentration, leucocyte count, and erythrocyte 
sedimentation rate) were done to exclude sick subjects. Body fat was 
determined by skin-fold measurement 27 . 

10 

Genotyping 

For genotyping, blood samples (10ml) were drawn from an antecubital vein 
and isolated HUVEs in culture were harvested. Blood leukocyte DNA and 
HUVEC DNA were extracted using DNA isolation kits Purugene and 

15 Capture Column Kit, respectively (Gentra Systems, Minneapolis, MN, USA) 
following the manufacturer's instructions. The genotype was determined 
using polymerase chain reaction (PCR) to amplify part of the preproNPY 
gene (237 bp). Thymidine- 1 128 to cytosine substitution results in the Leucine 
to Proline switch in position seven in preproNPY, which was_detected by 

20 digestion of the PCR product with Bsi El (New England Biolabs Inc., 

Beverly, MA, USA) and restriction fragment length polymorphism analysis 
(189bp and 48 bp fragments are produced by the mutant Pro7 allele). 

Study protocol 

25 The 18 healthy study subjects were asked to refuse from any medication, 
alcohol -containing drinks or food for 48 hours and from any caffeine- 
containing drinks or food for 12 hours before the Vo 2m ax measurement and 
before the 80% Vo 2max bicycle exercise test. They were asked to eat lots of 
carbohydrate-rich food and to avoid strenuous physical exercise for two days 

30 preceding the tests. A standard light meal was offered 2 h before running the 
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tests. The individual maximal oxygen uptake (Vo 2m ax) was determined in the 
Paavo Nurmi Centre, Turku. The initial power output was 40 W for women 
and 60 W for men and was increased by 20 W and 30 W, respectively, every 
2 min until exhaustion. Respiratory gases were analyzed (AMETEK S-3A1 
5 0 2 and Beckman LB-2 C0 2 analyzer) and recorded every 15 seconds by an 
online real-time PC-based system. Respiratory exchange ratio (> 1.15) and 
oxygen uptake (Vo 2 ) uniformity were evaluated to ensure a true maximum 
effort. The highest Vo 2 was determined and the corresponding power level 
was considered as 100% Vo 2max . In the 80% Vo 2max exercise study, an 

10 intravenous cannula was inserted into an antecubital vein and the subjects 
were lying for 35 minutes (min) thereafter. Before starting to run the bicycle 
(at 0 min), they were sitting on the cycle-ergometer for 5 min and at 0 min the 
study subjects started to exercise with minimal (20 W) workload. The 
workload was increased by 20% Vo 2max steps in 2-min intervals and the 80% 

1 5 Vo 2max workload was thus reached after 4 steps in 8 min. The study subjects 
then continued to exercise at this 80% Vo 2max level for 12 min followed for 
10 min cooling with 20% Vo 2max workload. The study subjects were 
monitored (EKG and blood pressure) by Datex Engstrom AS/3-system 
(Datex Ohmeda, Oulu, Finland) for a 30-minute baseline period before the 

20 exercise, during the 30-min exercise and also 50 min in a sitting position after 
the exercise. Nine blood samples of 15 ml (for the measurement the of 
plasma NPY, epinephrine ( E), norepinephrine, lactate, insulin and serum free 
fatty acids (FFA)), were collected and heart rate recorded at -5, 0, 8, 16, 20, 
30, 40, 60 and 80 min. Heart rate was additionally recorded at -30 min. Blood 

25 pressure was measured at -30, -10, 0, 16, 25, 30, 40, 60 and 80 min. 

Analytical methods 

Plasma NPY concentrations were determined using a commercial 
radioimmunoassay kit (EURIA-NPY, Euro-Diagnostica Inc., Malmo, 
30 Sweden). NE and E concentrations in plasma were determined using high 
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performance liquid chromatography with electrochemical detection 28 . This 
method had the intra- and interassay variances for both NE and E below 12%. 
FFA concentrations in serum were determined with NEFA-C Reagent set 
(Wako Chemicals GmbH, Neuss, Germany) and plasma lactate 
5 concentrations with an enzymatic UV-method (Roche Diagnostics GmbH, 
Mannheim, Germany) using Hitachi 917 Automatic Analyzer (Hitachi Ltd., 
Tokyo, Japan). The interassay variance was 0.6% for FFA (n = 37) at 0.62 
mmol/L and 1.6% for lactate at 2.10 mmol/L (n = 47). Plasma insulin 
concentrations were determined by radioimmunoassay kit INSIK-5 (DiaSorin 
10 s.r.l., Saluggia, Italy). Other laboratory measurements were done by standard 
methods. 

Statistical analysis 

Baseline characteristics (Table 1) of study subjects were compared using 
15 unpaired two-tailed t tests. Chatecolamine (E, NE) values were log- 
transformed before further analysis. The means of each sequentially 
measured parameter between genotypes Leu7Pro and Leu7Leu were 
compared using repeated measures ANOVA for mixed models (Table 2). If 
the ANOVA revealed statistically significant genotype-by-time interaction 
20 (overall difference) the Fisher least significant difference multiple 

comparison procedure was used to test equality of group means at each time 
point. These tests were carried out as linear contrasts using the same 
statistical model. For correlation analysis, Pearson's correlation coefficients 
were calculated. All data are presented as mean ± SEM. Statistical analysis 
25 was performed with SAS software (Version 6.12, SAS Institute Inc., Cary, 
NC, USA). 

Cell culture and immunocytochemical detection of proNPY and NPY 

HUVECs were isolated from freshly delivered umbilical cords using 
30 collagenase type II (0.3 mg/ml) and type IV (0.3 mg/ml) enzymes (Sigma 
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Chemical Co., St Louis, MO, USA) in PBS at 37 °C for 15 minutes. 
Detached cells were seeded into 0.2 % gelatin-coated (Sigma Chemical Co., 
St Louis, MO, USA) 25 cm 2 cell culture flasks. HUVECs were grown in 
Medium- 199 (Life Technologies Ltd., Paisley, Scotland) supplemented with 
5 2.5 U/ml sodium heparin, 10 % heat inactivated FBS (Autogen Bioclear, 
Wiltshire, United Kingdom), 100 U/ml penicillin, 100 (ig/ml streptomycin 
(BioWittaker, Walkersville, MD, USA), 2 mM L-glutamine (Life 
Technologies Ltd., Paisley, Scotland), 50 |ag/ml gentamycin (BioWittaker, 
Walkersville, MD, USA) and 25 [xg/m\ ECGS (Endothelial Cell Growth 

10 Supplement) (Upstate Biotechnology, Lake Placid, NY, USA). Fresh media 
was added every other day and the cells were replated every 2-3 days. 
Experiments were performed with cells between passages 2 and 7. For 
immunocytochemistry, cells were plated on 0.2 % gelatin-coated glass 
coverslips at 1-2 x 10 4 cells /cm 2 and were fixed after 24-48 h at room 

15 temperature for 20 min with 4% paraformaldehyde. The 

immunocytochemical reactions were performed at room temperature. 
Nonspecific binding was blocked by incubating the cells for 45 min with 
blocking buffer containing 0.2% Nonidet P40 (Calbiochem, Novabiochem 
Corp., La Jolla, CA, USA) as permeabilizing agent and 5% non-fat dry milk 

20 in 50 mM Tris-HCl, pH 7.6. The cells were double-stained by 45 min 

incubation with two primary antibodies, rabbit polyclonal anti-human C-pon 
antibody (1 :200) (Affmiti Research Products Ltd., Mamhead, United 
Kingdom) and goat polyclonal anti -human NPY antibody (1:100) (Affiniti 
Research Products Ltd., Mamhead, United Kingdom) in the same buffer. 

25 After incubation the cells were rinsed three times with PBS, followed by 5 
min blocking and two subsequent 30-min incubations with secondary 
antibodies FITC-conjugated anti-rabbit IgG (1:500) (Silenius Laboratories, 
Hawthorne, Australia) and TRITC-conjugated anti-goat IgG (1:250) (Sigma 
Chemical Co., St Louis, MO, USA) in the blocking buffer in darkness. After 

30 rinsing three times with PBS, the coverslips were mounted for fluorescent 
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microscopy onto a drop of anti-fade mounting medium containing 50% 
glycerol, 100 mg/ml DABCO (l,4-diazabicyclo-[2.2.2.]octane, Sigma) and 
0.05% sodium azide in PBS on microscope slides. Double-label 
immunofluorescent microscopy was performed using a laser scanning 
5 confocal microscope (Leica TCS 4 D, lOOx /I A oil ICT:D objective, 

Heidelberg, Germany). With these immunocytochemical reactions, proNPY 
is stained as overlapping staining of green and red (becomes yellow), because 
the C-pon and NPY are co-localized. Red staining is a marker for sole NPY-ir 
and green staining as sole C-pon-ir. 

10 

Results 

Baseline characteristics and Vo 2max determinations 

These were no differences in the mean baseline characteristics or Vo 2max 
15 values between study subjects in the two genotype groups (Table 1). 

NPY-genotype influences heart rate level 

There was a statistically significant genotype effect in heart rate during the 
study period (Table 2) the Leu7Pro group having higher mean pulse rate over 
20 time (Fig. 1 A). No statistically significant differences were however, detected 
in mean pulse rate at any separate time point between the groups. No 
differences were observed in systolic or diastolic blood pressure between the 
genotypes during the whole study period (Table 2, Fig. IB). 

25 NPY-genotype influences exercise-induced increases in NPY and FFA 
concentrations 

The Leu7Pro group had clearly higher overall plasma NPY concentration 
(Table 2, Fig. 2A) with statistically significant differences at 20 min maximal 
NPY concentrations (p < 0.05) and near significant differences at 30 min and 
30 40 min post-exercise NPY concentrations (p = 0.05). The mean exercise- 
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induced raise of NPY between 0 min and 20 min was 90.4 ± 12.7 pmol/L in 
the subjects with the Pro7 allele and 51 .9 pmol/L ± 5.4 in subjects without 
this allele (p < 0.05, t test). There were no statistically significant differences 
in the concentrations of E and NE in plasma (Table 2, Fig. 2B and 2C) 
5 between the groups. The mean NE/NPY ratio in plasma was 84.9 ± 9.7 in 
Leu7Leu subjects and 56 ± 5.3 in Leu7Pro subjects (p < 0.05; t-test). 

A dramatic difference was observed in the overall FFA concentrations 
between the genotype groups (Table 2, Fig. 3A); the Leu7Pro subjects had 

10 significantly lower FFA concentrations than Leu7Leu subjects, with the 
largest difference in post-exercise 40 min concentration (p < 0.05). NPY 
levels had a positive association with FFA concentrations in the Leu7Pro 
group (r = 0.45, p < 0.001) and in the Leu7Leu group (r = 0.36, p < 0.05). 
There were lower overall insulin concentrations in subjects with the Leu7Pro 

15 genotype and no clear exercise-induced reduction in insulin levels in this 
group (Table 2, Fig 3B), the statistically significant differences in 
concentrations were detected before the exercise at 0 min (p < 0.05 ) and after 
exercise at 60 min (p < 0.05). Lactate levels were identical in the two 
genotype groups throughout the study period (Table 2, Fig. 3C). 

20 

NPY-genotype dertermines the pattern of NPY- and proNPY-ir in 
epithelial cells 

Clear intracellular punctate staining (Fig. 4) could be seen in HUVECs with 
immunocytohemical detection of proNPY and NPY. These clustered 
25 immunoreactive puncta were considered to represent peptides concentrated in 
some intracellular compartments of the cells. As shown in the Fig. 4, there 
was a marked difference in the pattern of staining between HUVECs of 
Leu7Pro and of Leu7Leu genotype, the former having prominent NPY-ir 
(red) in addition to some proNPY-ir (yellow) (Fig. 4B). In contrast, HUVECs 
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with Leu7Leu genotype did not contain any NPY or C-pon staining, but 
exhibited profound vesicle-like structures with proNPY-ir (Fig. 4A). 

Discussion 

5 

Recent studies have linked the Leu7Pro polymorphism of preproNPY to risk 
factors and development of atherosclerosis in adults and in children 21 ~ 23 . This 
polymorphism is likely to influence the intracellular processing of the 
synthesized preproNPY peptide as the mutation is located in the signal 

10 peptide part, which guides the newly-formed peptide into ER where it is 
cleaved off and the following further processing of proNPY leads to the 
formation of the mature secretory NPY. As a result of changed processing of 
the prohormone, the storage or kinetics of NPY release could be modified in 
subjects having this polymorphism. This hypothesis was tested in the current 

15 study, where NPY secretion was stimulated by high-intense cycle-ergometer 
exercise in healthy subjects having the Leu7Pro polymorphism and their 
matched Leu7Leu controls. Other responses reflecting the changes of 
sympathetic stimulation were also measured. In addition, human endothelial 
cells, which are known to contain and process NPY, were isolated, 

20 genotyped and studied by immunocytochemistry to view possible differences 
in proNPY and NPY contents of cells with the Pro7 substitution compared to 
cells without this substitution. 

Marked increase in the excretion of NPY during exercise was detected in 
25 subjects with Leu7Pro genotype compared to controls. These subjects had 

also higher heart rate throughout the study period but no change in systolic or 
diastolic blood pressure. Furthermore, despite of similar exercise-induced 
catecholamine excretion and lower insulin concentrations, the subjects with 
the polymophism had clearly lower FFA release than the controls. Similar 
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lactate levels between the groups indicated identical individual exercise 
intensity. 



In plasma, NPY circulates mainly as an intact 36-aa peptide, but also as Y2- 
5 receptor ligand NPY 3 _ 36 , a product of dipeptidyl peptidase IV enzyme which 
is found in endothelium 9 ' 29 . NPY found in circulating blood in rest and 
during physical exercise is derived maily from perivascular symphatetic 
nerve-bundles 16 - 20 ' 3( \ A minor proportion of plasma NPY level originates 
from endothelium 9 . Although NPY and NE are co-released, NPY release is 
10 stimulated only in high-intensity exercise whereas NE is released more easily 
also in low-intensity exercise in healthy subjects 19,31 . Therefore, 80% Vo 2max 
level exrcise was used as a stimulator for symphathetic nervous system in this 
study. 

1 5 The results show similar timing of exercise-induced NPY release in the two 
genotype groups but significantly higher NPY concentrations in subjects with 
the Leu7Pro genotype, the maximal values showing the largest difference 
compared to controls. There was no difference in the basal NPY 
concentrations but over 40 % higher rise from the basal to the maximal NPY 

20 concentration in the subjects with Pro7 allele. This suggests that more NPY is 
produced by the sympathetic nerves, NPY is more easily released by 
sympathetic stimulation or that the elimination of NPY is decreased in 
subjects with the polymorphism. The first two mechanisms seem more 
reasonable based on the known functions of signal peptides, and the similar 

25 elimination profile of NPY detected in this study. The increased stimulated 
NPY concentrations in Leu7Pro subjects may be also detected in tissue level, 
which has not been studied so far. 

Catecholamine concentrations have not been previously compared between 
30 the subjects with and without the Pro7 allele. This study showed no 
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differences between the genotypes in basal or exercise induced NE and E 
concentration. The mean NE/NPY ratio in plasma was 1.5 times smaller in 
the Leu7Pro genotype group compared to Leu7Leu group, which may reflect 
also different ratio of NE to NPY also in storage vesicles in symphatetic 
5 nerves and other cells. 

The subjects with the NPY polymorphism had higher heart rate in the current 
study, the difference in the mean heart rate was 5 to 10 beats/min continuously 
during the study period, also during the 30 min pre-exercise resting period. 

10 This suggests that the NPY genotype regulates heart rate in healthy non- 
smoking subjects. As the catecholamine levels were not different between the 
study groups, the higher heart rate is not explained by their action. Although 
NPY is found in symphatetic nerve innervations in heart, where dense NPY-ir 
has been detected in close contact to nodal tissue and cardiac muscle fibres 32 , 

15 it is not known to have direct inotropic or chronotropic effects 33 . However, 
NPY may promote parasymphatolytic cardiac responses by inhibiting 
acetylcholine release from colinergic nerves in heart 34 ' 35 , that could result in 
higher pulse rate in the subjects with higher NPY release. The increased 
sympatovagal ratios found in type II diabetic patients with the Leu7Pro 

20 genotype 23 also support the conclusion that this genotype may have higher 
overall heart rate compared to Leu7Leu genotype. 

Elevated NPY-concentrations in plasma have been reported in hypertension 
36 ~ 38 , although this has not been considered as the ethiology for the disease, 

25 but rather reflect sympathetic activation related to the disease. An earlier 
study with 966 middle-aged men indicated a slightly higher systolic (3 
mmHg) and diastolic (2.1 mmHg) blood pressure in subjects with Pro7 
substitution, but no difference in genotype frequencies in groups of 
hypertensive and normotensive subjects (Karvonen et al., unpublished 

30 observation). In the present study, no difference was detected in the diastolic 



19 

or systolic blood pressure between the genotypes, maybe because of too small 
number of study subject to detect a comparable difference. 



Despite of similar catecholamine levels, the two genotype groups had 
5 strikingly different exercise-induced FFA concentrations with the Leu7Pro 
group having clearly lower post-exercise values. Catecholamines rapidly 
promote lipolysis and raise the plasma FFA concentrations by increasing the 
rate of adipose tissue triacylglycerol mobilization by hormone-sensitive 
lipase. The increase in lipolysis during exercise is mainly mediated by 

10 adrenergic beta-receptor activation and the consequent increase in 

intracellular cAMP-concentration 39 , which is known to be the main regulator 
of the activity of hormone-sensitive lipase. Consequently, hormones and 
drugs, including NPY that reduce intracellular cAMP consentrations in 
human adipocytes are able to inhibit lipolysis 4,5 . The inhibition of lipolysis in 

1 5 human adipocytes by NPY has been shown to be dose-dependent 5 and 
therefore higher NPY release in Leu7Pro subjects during exercise may 
explain the difference in FFA concentration between the genotypes. The 
decrease in insulin concentrations during exercise have been shown to 
facilitate FFA mobilization during exercise 4(M2 . Therefore differences in 

20 plasma insulin concentrations observed between the groups do not explain the 
observed lower FFA levels in the Leu7Pro group since the insulin levels were 
lower in this group. Earlier studies have shown similar postprandial (Schwab 
et al., unpublished observation) or fasting insulin concentrations in Leu7Pro 
and Leu7Leu groups 21,23 . Also, an earlier study have shown no differences in 

25 postprandial FFA levels or in lipoprotein lipase or hepatic lipase activity 
between the genotypes (Schwab et al., unpublished observation). 

FFAs modulate the activity of cholesterol ester transfer protein (CEPT) by 
inhibiting the lipid transfer inhibitor protein (LTIP) 43 . The more pronounced 
30 exercise-induced FFA-release in the Leu7Leu genotype may thus result in 
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increased CEPT activity, which according to recent reports is 
atheroprotective 44 . The FFA levels in plasma known to activate LTIP are 
0.8-1.0 mmol/L 43 . These levels are transiently produced by both genotypes at 
least in exercise but are more prolonged in the Leu7Leu genotype, thus 
5 leaving the Leu7Pro genotype subjects at higher risk for atherosclerosis. 

The immunohistochemical studies of isolated and genotyped HUVECs 
revealed clearly different picture of the NPY-related ir between the 
genotypes. With double-labelling of NPY and C-pon we could demonstrate 

10 that in human endothelial cells with Leu7Pro genotype the amount of NPY 
without C-pon, demonstrated by red colour, was prominent. The endothelial 
cells with Leu7Leu genotype contained only NPY with C-pon, that is 
proNPY. This suggests difference in processing of the preproNPY between 
the genotypes. Accordingly, the Leu7Pro genotype cells seem to form mature 

15 NPY more efficiently, which suggests that the polymorphic signal peptide is 
functional and guides the nascent peptide readily into the intracellular 
processing and secretory pathways. Earlier studies have shown that NPY is a 
mitogenic substance, which clearly accelerates smooth muscle and 
endothelial cell proliferation 9 - 45 - 46 . The observed higher proportion of NPY in 

20 HUVECs with the Leu7Pro genotype, may indicate higher local endothelial 
NPY release, and enhanced proliferation of the underlying intimal smooth 
muscle cell layer, which could be the mechanism for accelerated intima- 
media thickening observed in subjects with this genotype 23 (Karvonen et al., 
unpublished observation). 

25 

In conclusion, our study demonstrates significantly higher NPY 
concentrations in subjects with the Leu7Pro polymorphism compared to 
controls during exercise-induced sympathetic activation. These subjects also 
have increased overall heart rate and lower exercise-induced FFA-values, 
30 which may be secondary changes to increased NPY excretion. Studies with 
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isolated HUVECs strengthens the functional consequence of the Pro7 
substitution in the signal peptide of NPY leading to more efficient production 
of NPY. Earlier studies linked this polymorphism to increased levels of total 
cholesterol, LDL cholesterol and triglyserides in blood and to accelerated 
5 development of atherosclerosis 21 ~ 23 , which may all be the ultimate 

consequences of increased NPY contents in blood and/or tissues of subjects 
with the Leu7Pro genotype. 

It will be appreciated that the methods of the present invention can be 
10 incorporated in the form of a variety of embodiments, only a few of which are 
disclosed herein. It will be apparent for the expert skilled in the field that 
other embodiments exist and do not depart from the spirit of the invention. 
Thus, the described embodiments are illustrative and should not be construed 
as restrictive. 
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Scheme 1 

7 Predicted secondary structure of preproNPY mRNA. The Scheme shows the 
2i predicted structure of the 5' end (1 to 138 bases) of the full preproNPY mRNA 
o sequence published in GenBank Accession No. KO 1 9 1 1 . The secondary structure 
3 was predicted by using the MFOLD program of the Genetics Computer Group of 
the University of Wisconsin. 
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Scheme 2 

Predicted secondary structure of preproNPY mRNA. The Scheme shows the 
predicted structure of the 5' end (1 to 138 bases) of the full preproNPY mRNA 
sequence published in GenBank Accession No. K0191 1. The secondary structure 
5 was predicted by using the MFOLD program of the Genetics Computer Group of 
the University of Wisconsin. The mutated base T to C is base number 106. 
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Table 1. Baseline characteristics and Vo 2 max values (mean ± sem) were similar in 
the two genotype groups. 



Leu7Leu genotype (n = 9) Leu7Pro genotype (n = 9) 



No of males / females 


2/7 


2/7 




BMI (kg/m 2 ) 


22.8 ± 0.9 


22.0 ± 


0.8 


Body fat (%) 


23.6 ± 2.7 


23.5 ± 


2.4 


Age (y) 


22.1 ± 0.7 


22.7 ± 


0.6 


Plasma glucose (mmol/L) 


4.6 ± 0.06 


5.0 ± 


0.03 


Serum cholesterol (mmol/L) 


4.8 ± 0.08 


4.4 ± 


0.07 


Serum LDL cholesterol (mmol/L) 


2.8 ± 0.06 


2.2 ± 


0.09 


Vo 2ma x (ml/kg/min) 


47.7 ± 2.4 


42.9 ± 


2.7 
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